Understanding the clinical reasoning process is challenging, given the complexity of factors that contribute to the reasoning process and the variety of definitions that exist in the health professions literature. [1] [2] [3] For example, clinical decision making, critical thinking, and clinical reasoning have been used interchangeably to describe the same phenomenon. For the purposes of this paper, the authors chose to operationally define these terms. In the broadest and most general sense, clinical reasoning can be summarized as the thinking and decision making of a health care provider in clinical practice. 4 Essentially, clinical reasoning is the critical thought process and judgment behind one's action, 5 whereas clinical decision making is the action that is taken on this process. 6 To better understand this difference, it may be helpful to think that one can make a decision without any reasoning or thought process behind that choice. Nikipoulou-Smyrni and Nikopoulos define clinical reasoning as a reflective process that engages the patient and family in collaborative decision making, taking into account the critical contextual factors to determine an Ninety-eight students from 2 consecutive class cohorts participated. Low inference data from the Clinical Reasoning Reflection Questionnaire (CRRQ) and narrative comments from the Clinical Performance Instrument (CPI) were analyzed using the constant comparative method. Open coding was used to initially categorize the data followed by axial coding to identify resulting themes. Results. Three categories (beginning, intermediate, and entry-level) and 8 themes emerged from the data describing student development of clinical reasoning skills. The following themes surfaced under the beginning clinical reasoning process category: focus on self, compartmentalized thinking, and limited acceptance of responsibility. Themes in the intermediate category were: procedural performance, initial stages of recognition and using context, and improved reflection on performance. Themes in the final entry-level category were: dynamic patient interaction and integrating situational awareness. Discussion and Conclusion. The results of this study demonstrate a progression in the development of these students' clinical reasoning process around the dimensions of self, context, and responsibility across the curriculum. Outcomes reveal these key aspects of the clinical reasoning process: (1) it is a gradual developmental process across time; (2) the Dreyfus model of skill acquisition may apply to the development of clinical reasoning skills in physical therapy students; and (3) increasing intensity and depth of the reflective process may be a critical component in the advancement of the clinical reasoning process. Further research is needed to determine the best strategies to assess clinical reasoning abilities in physical therapy students and to discern approaches to enBackground and Purpose. Given the complexity of the current health care environment, effective clinical reasoning skills are fundamental to making critical patient care decisions. The purpose of this study was to explore the clinical reasoning abilities of students across time in 1 professional Doctor of Physical Therapy (DPT) curriculum. Methods. Qualitative methods were used to describe the longitudinal development of students' clinical reasoning skills.
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appropriate clinical intervention. 7 Using this definition, one can see both contextual and cognitive aspects of clinical reasoning. Consistent with other definitions, critical thinking would be a component of the cognitive aspect of clinical reasoning. 8 Critical thinking as a cognitive skill involves inductive and deductive thinking, evaluation, and analyses, but does not encompass judgment, reflection, or the many contextual factors that are a part of clinical reasoning. 8 Clinical reasoning is complex because it involves the application of cognitive, affective, and psychomotor skills while using a reflective thought process to make decisions and judgments based on a patient presentation. 9 Emphasis on clinical reasoning in education has been reported in medicine, dentistry, occupational therapy, physical therapy, and nursing. 10 In fact, the American Association of Colleges of Nursing (AACN) has stressed the importance of developing and assessing clinical reasoning skills in nursing students as part of nursing education. 11 A recent call for radical transformation in nursing education includes an emphasis on clinical reasoning and multiple ways of thinking, which will enable nurses to practice safely, compassionately, and accurately in different practice settings. 12 Similarly, the American Physical Therapy Association (APTA) also identifies clinical reasoning as a skill and practice expectation described in the Normative Model of Physical Therapist Education, 13 yet a comprehensive approach for facilitating and assessing clinical reasoning across physical therapy education programs has not been clearly established. 4 The advancement of any skill is developmental in nature and requires practice over time. Dreyfus and Dreyfus proposed a framework of skill acquisition that may be applicable to the development of clinical reasoning abilities in physical therapy students. 3, 14, 15 This model has been applied in medicine and nursing to describe various benchmarks (novice to expert) along the continuum of clinical skill development, as well as key characteristics/traits associated with each level. 16, 17 The Dreyfus model originally described the developmental model of skill acquisition when observing the progress of pilots and chess players over time. 14, 15 In the model, the learner passes through 3 phases when moving from novice to expert. 3 During the first phase, the learner shifts from using absolute rules to incorporation of past experiences to guide decision making. The learner then moves away from gathering unrelated bits of information to cohesively "seeing the big picture" in the second phase. Finally, the learner becomes an integral part of the situation and no longer views himself/herself as an isolated component outside of the experience. 3 The evidence in the physical therapy literature about clinical expertise suggests experts rely on past experiences, pattern recognition, and synthesis of important patient information to make decisions. 18 Specifically, Jensen and colleagues suggest that a clinician's application of knowledge and skill, paired together with the intuitive ability to vary an examination or treatment based on reflective problem-solving and patient interaction, distinguishes a novice from expert clinician. 19 Based on the above information, the Dreyfus model could be a guiding framework for data analysis in looking at benchmarks for skill acquisition as they apply to clinical reasoning.
Assessment of Clinical Reasoning
A limited number of methods and tools exist in the literature to assess the clinical reasoning abilities of students in the health professions. Some of these instruments include the script concordance test (SCT), concept mapping constructs, think aloud techniques, quantitative standardized tests, and qualitative measures of written reflection, interview, or focus group responses. 3, [20] [21] [22] [23] The SCT is frequently cited in the medical education literature as a tool to assess clinical reasoning abilities of medical students and residents in ambiguous and uncertain situations. 20, [24] [25] [26] [27] This test compares the test taker's ability to make decisions and interpretations using multiple sources of data while cross-referencing these interpretations to an expert panel. 28 The SCT was used in physical therapy to assess knowledge and reasoning ability around seating and mobility prescription. The authors found that although the test was able to differentiate experts from novices in this area, it was challenging to determine the appropriate measures or characteristics of a seating and mobility expert upon which to base the test. 29 Concept maps are another tool to measure and facilitate clinical reasoning abilities of students in the health professions, particularly in dentistry and nursing. 30, 31 The purpose of a concept map is designed to help students link concepts together in an effort to "visualize" the thought process and content knowledge. In addition to concept maps, think aloud techniques can also help the educator to see the students' reasoning process. 21 Standardized instruments for measuring general critical thinking skills have been applied to predict reasoning capacity in physical therapy students. [32] [33] [34] [35] [36] [37] [38] [39] However, these tests are only able to assess a single component of the clinical reasoning process and therefore may not accurately reflect true clinical reasoning ability. The Health Sciences Reasoning Test (HSRT), specifically designed to assess critical thinking skills for health profession students, was found to be more valid in eliminating the ceiling effects found with other tools, including the California Critical Thinking Skills Test (CCTST). 8 Nevertheless, the authors of this study found this single test to be inadequate in assessing clinical reasoning skills, as it primarily measures only 1 component of clinical reasoning (critical thinking) and doesn't address other contextual variables. 8 Studies performed in nursing education suggest that the complexity of clinical reasoning is too narrowly defined by such quantitative assessment tools. 40 These instruments attempt to objectify critical thinking, but to truly explore the process of developing clinical reasoning skills, qualitative methods incorporating reflection are needed. 3, 22, 33 While the dissemination of research findings evaluating clinical reasoning skills in the health professions has primarily occurred in nursing and medical literature, little has been studied in physical therapy to assess this skill development over time. [10] [11] [12] [13] [14] In this investigation, faculty wanted to ascertain the development of current clinical reasoning abilities of students as they moved through the program. Once this was determined, faculty members were interested in using this evidence of student learning to inform their teaching strategies. The purpose of this study was to explore the development of student clinical reasoning abilities over time in 1 professional Doctor of Physical Therapy (DPT) program.
METHODS

Project design
Qualitative methods were utilized to explore the longitudinal development of student clinical reasoning capabilities across the curriculum at 1 professional DPT program in the Midwest. Specifically, written student responses to a Clinical Reasoning Reflection Questionnaire (CRRQ) were used as the primary data source, coupled with narrative responses from the Clinical Performance Instrument (CPI) as a secondary data source and triangulation of the core themes.
Curriculum Infrastructure
Description of the systems-based, integrated lifespan curriculum model is needed to understand the timing of data collection ( Figure  1 ). Beginning with the foundational sciences and essential clinical skills coursework, the curriculum progresses to include clinical, integrative, and contextual sciences. Clinical experiences are interspersed between semesters, culminating in full-time exposure at the end of the curriculum. Case application to facilitate clinical reasoning skills is threaded throughout the curriculum, beginning with basic cases early in the curriculum and pro-gressing in context and complexity over time. To confirm student safety and competence in patient management, the Clinical Competence Performance Examination (CCPE), a practice-based case simulation in which faculty serve dual roles as patient and evaluator, was administered at the end of each academic semester prior to participating in a clinical experience.
Participants
Students in good academic standing enrolled in the professional DPT program at Creighton University in Omaha, Nebraska, were eligible for inclusion in the study. All students were recruited via email invitation at varying points in the curriculum, which spans 8 semesters across 3 calendar years (Table 1) . A total of 98 students from 2 consecutive class cohorts participated in this study. Forty-nine students were recruited in semester 6, and 10 in semester 8 from Class B. For Class A, 49 students participated in semester 4, 48 in semester 6, and 8 in semester 8 ( Table  2) . During the initial phase of data analysis, the need to capture participant insight at an earlier point in time emerged. Therefore, the investigators collected data from Class A in semester 4 but were unable to do so for Class B, as these students had already progressed in the curriculum. In semester 8, a purposive sampling method was used to recruit student participants, on account of the curriculum not requiring a CCPE component at that point in time. Sixteen participants representing a range of academic and clinical abilities (low to high GPA, successful to exemplary scores on CCPE and CPI) were embodied in the sample. The specific process and timeline for collection of student participant data is further described in the procedure section.
Data Collection Instruments
The purpose of this study was to explore the clinical reasoning skills of professional physical therapy students across the curriculum. However, few qualitative valid and reliable mechanisms exist to assess this skill set in physical therapy. Therefore, the CRRQ was developed to identify and assess these abilities. In addition, the CPI was used to collect data during the experiential phase of the curriculum. Clinical Reasoning Reflection Questionnaire (CRRQ). The CRRQ (Appendix A) is a 6-question, online survey developed by the current investigators to facilitate depth of reflective response. Its construction was based on key theoretical constructs in clinical reasoning research [41] [42] [43] [44] and expertise in survey design. A major challenge in assessment of learning is finding ways to uncover and understand the diversity of reflective processes used by students. Using dimensions of the International Classification of Functioning, Disabil- ity and Health (ICF) framework 45 to broaden student perspective of patient management, questions were crafted around core concepts including (1) metacognitive thinking, 41 (2) struggling with uncertainty, 42, 43 and (3) critical self-reflection and growth. Students' metacognitive skill was addressed by asking the participant the following: "Describe your thought process and initial impressions about the selected case you've been given for the clinical competence performance examination. What do you think the patient's priorities from the physical therapist's perspective could be that you would want to address?" (CRRQ presurvey question #2). The student provides evidence of his or her metacognitive process (disclosing the thinking process by "getting the inside out") just as elementary students might outline steps in solution of a math problem. The second core construct centered on the concept described in medical education as "struggling with uncertainty. " 46 Experiential learning theories suggest that struggling in a dynamic environment and being challenged to reach beyond one's comfort zone with guided reflection can facilitate student learning. 47, 48 This core construct was illustrated by the following question: "Based upon your interaction with the patient during the physical therapy examination and intervention piece of the Clinical Competence Performance Examination, how did you modify your plan of care or approach to this patient?" (CRRQ postsurvey question #2). In this case, the question encourages the student to discuss the difficulty in thinking in a new and challenging environment versus the traditional approach of asking for the right answer. Another core concept embedded into this questionnaire was critical self-reflection and growth, a concept described in the following question: "If you were able to repeat this Clinical Competence Performance Examination experience, what would you do differently and why?" (CRRQ postsurvey question #1). This question facilitates reflection and allows the student to demonstrate any personal or professional growth that may have occurred as a result of this interaction. The remaining 3 questions were developed to determine the students' abilities to apply the ICF framework to the patient and to describe their clinical reasoning process. 45 Initially, the CRRQ was pilot tested with a core group of faculty (n = 5) and students (n = 5) and then revised based on feedback. One question was modified to explicitly label the components of the physical therapy examination, ask the participants to provide specific examples, and justify rationale to better reveal the participant's thought process (CRRQ presurvey question #3). Another question was changed to specifically label and define personal factors for the participant to avoid confusion and to ask "how" the participant modified the plan of care to capture part of the reasoning process (CRRQ postsurvey question #2). Three female physical therapy faculty members and 2 males with expertise in survey development piloted the survey during the CCPE to determine student feasibility and ability to gather thought processes during this examination. Three female and 2 male physical therapy students in their third (out of 4) year in the program also completed the questionnaire and provided feedback for areas of clarity and readability. Clinical Performance Instrument. The CPI is the most commonly used tool by students and clinical instructors (CI) to evaluate student performance during a clinical experience. 49 Narrative comments chosen from CPI item #7 (labeled "Clinical Reasoning") were used in this study as an additional data point to provide the CI's external perspective during participant clinical experiences (Appendix B).
Procedure
There were 2 class cohorts that participated in this study (Table 1 ). All members of Class B were allowed 20 minutes to complete the computerized CRRQ immediately prior to interacting with a simulated patient as part of the CCPE. Immediately following the simulation experience, participants were allotted an additional 20 minutes to complete the CRRQ reflection questions. This process occurred at the end of semesters 6 and 8 of the curriculum. Investigators then reviewed CPI data from the midterm (week 10) of the 20-week clinical experience that followed (semester 7). At the end of semester 8, 10 participants from Class B again completed the CRRQ before and after completion of a simulated patient examination (similar to the CCPE). CPI data were reviewed upon completion of the final clinical experience (semester 8). One year later, all members of Class A completed the CRRQ using the same data collection process beginning at the end of semesters 4, 6, and 8. CPI data were then reviewed at the end of the 3-week clinical rotation that immediately followed the end of semester 4. CPI data for Class A were again reviewed at the midterm (week 10) of the 20-week clinical experience that followed (semester 7). Additionally, 6 participants from Class A completed the CRRQ process at the end of semester 8, and their corresponding CPI data were reviewed. Throughout this process, the CPI data from either midterm or final that were most closely aligned in time frame to the CRRQ were used as a data point. Table 1 outlines the timeline of data collection across the curriculum.
Data Analysis
All narrative responses from students (CRRQ) and CIs (item #7 on CPI) were gathered via computer transcripts for analysis and triangulation of data sources. The low inference data from the CRRQ and CPI were analyzed using the constant comparative method. 50 During the open coding phase, 5 investigators who were involved with all aspects of project conceptualization and data collection reviewed all transcripts and generated initial codes independently. Open coding consisted of identifying common key words, concepts, and word phrases from the data sources. [50] [51] [52] The preliminary codes were then analyzed until saturation was reached and concepts were sufficiently categorized. Axial coding was performed by the 5 investigators during 6 meetings in which the authors collectively identified the core themes: focus on self, compartmentalized thinking, limited acceptance of responsibility, procedural performance, initial stages of recognition using context, improved reflection on performance, dynamic patient interaction, and integrating situational awareness. These themes emerged during analysis and consensus building across the initial coded categories, while atypical cases that failed to fit into established categories continued to be discussed until agreement was reached. 53, 54 A final step generated a data matrix to identify relationships among the categories. 55 
Trustworthiness of the Study
In addition to the use of low inference data and triangulation of student and CI data, several standards of verification were used to enhance the study's methodological rigor. The research team consisted of professionals from didactic and clinical education, academic administration, and clinical specialties in cardiovascular and pulmonary, orthopedic, and pediatric physical therapy. All 5 investigators participated in the entire research project from conceptual design to data collection and analysis, allowing triangulation of investigator coding during data analysis. Bracketing efforts identified the investigators' preconceived assumptions about the topic area so that potential bias could be recognized. To accomplish this, the authors attempted to improve their reflexivity by discussing perceptions that might influence coding and data conceptualization. Among the investigators, the concepts that could potentially bias the data interpretation included level of responsibility, comparison of professional students to residents, paternalistic perspective, bias as professional educators, and unrealistic graduate-level expectations. Finally, a sixth investigator who had no involvement in ini-tial data collection, but who possessed expertise in qualitative research and geriatrics, performed an external audit of the data.
RESuLTS
Participants
Data indicated that participants progressed in their clinical reasoning process across the curriculum, beginning with a strong focus on self and procedural skills then transitioning toward a focus on the needs of the patient and an emerging situational awareness by the end of the curriculum. Analysis specifically revealed a shift in focus (internal to external), emerging contextual awareness, and reasoning ability (rigid to flexible), which resulted in progression from beginning, through intermediate, to professional stages of the clinical reasoning process (Table 3 ). The data from the CI's viewpoint, as gathered from item #7 on the CPI, indicated that students at this level had difficulty organizing data from patients and understanding how to interpret patient data. For example, 1 CI commented, "He has trouble determining when to perform neurologic diagnostic testing and the meaning of this information. "
This statement supports the theme of compartmentalized thinking, as students had difficulty integrating data as they arbitrarily bound the results of tests and measures and were unable to access that information to help the patient. Limited acceptance of responsibility. Thirdly, external attribution of blame for student mistakes was evident. When asked what might be done differently if the experience could be repeated, a respondent indicated:
I think the main thing I would do differently is bring in children to be the patients for the pediatric cases. I think that it is very subjective to assume whether or not the student is able to work well in pediatrics by basing that judgment on their interactions with an adult acting like a child. A different respondent indicated:
The This respondent is beginning to identify play and fun as important factors to the child, indicating an emerging shift away from self and toward the child's needs.
A comment from the CPI data supports the notion that a few students were able to emphasize the patient's needs rather than their own. For example, 1 CI stated, she "demonstrates an understanding of the need to establish goals with patient/family input. "
Another participant took full accountability for his/her performance during the examination, contrary to the theme of blaming others, as evidenced by the following response:
Well, I failed the neuro part of the exam, but I deserved to fail it. I was not fluid with my overall examination and the flow of my testing was choppy. I forgot several important factors of the exam, including testing blood pressure, range of motion, and bed mobility. When I did remember them, it was during a point that made it awkward for testing. Overall, I am glad that I have to take it again because I do need to perform better, and it will help me learn.
While the frequency of these responses was not great enough to categorize as a theme, they are worth mentioning since they offer a different perspective.
Intermediate Clinical Reasoning Process
As described earlier, data early in the clinical reasoning process revealed that participants were focused on their own individual performance and unable to incorporate patient information into the process. However, as progression through the curriculum occurred, participants began to incorporate patient information into the clinical reasoning process and planning. Three themes emerged from the data collected in semester 6 (n = 97) in the curriculum. These themes included: (1) a focus on procedural performance by students, (2) an ability to use the initial stages of recognizing and using context when evaluating a patient, and (3) evidence of improved reflection on his or her performance. Procedural performance. Procedural performance was an emerging theme that indicated participants were focused on specific procedural aspects of patient management without recognizing the importance of context and all components of the ICF model. When asked to describe an initial thought process and anticipate patient priorities based on case information, a participant responded, "My primary area of focus for this patient will be to address his knee pain and look for a physical cause. " Participants were also asked after the experience to describe what they would do differently if they were able to repeat this interaction again. One explained, "I would make sure to do all the screening techniques, especially for the hip because I forgot that. " At this point, participants exhibited the ability to identify basic or foundational components of the patient management process related to performing tests and measures, but were unable to see the larger patient picture that would encompass all of the components of the ICF model, including the impact on a patient's ability to participate in activities of daily living (ADLs) and contribute to society.
The data from the CPI revealed that students had difficulty incorporating patient factors, other than textbook information, into their reasoning process. For example, 1 CI commented, the student is challenged to "develop a plan of care specific to the person rather than an injury. " Initial stages of recognizing and using case context. During semester 6, participants were beginning to identify the need to incorporate contextual factors such as age, environment, and situation into the patient management process with "basic, straight-forward cases. " In addition, they could envision a predetermined "picture" of the patient based on initial case information, but had difficulty adapting to information that was different from their expectations. When participants were asked how personal factors, including patient beliefs, perspectives, culture, attitude, socioeconomic status, and education would impact the planned physical therapy examination and intervention, 1 respondent reported, "I think I need to take into consideration that Brian is not an adult, and perhaps will not be able to give a complete subjective history as well as I would like. " This response demonstrates recognition that age and some situational factors will be important considerations in the patient examination. The CPI data from the CIs' perspectives support the theme of the initial stages of case context. These data suggest the students demonstrate some proficiency in utilizing a sound clinical reasoning process with "straightforward cases, " but had more difficulty with "complex conditions. " One CI stated: "She needs assistance 20% of the time to synthesize data from multiple sources into 1 picture and treatment plan. " Another responded, "He continues to require some cueing to problem solve complex situations. " A different instructor explained, "He was able to consistently perform good clinical decision making with straight-forward diagnoses, but needs helps with more complex patients. " Improved reflection on performance. The final theme to emerge during the intermediate reasoning process suggested participants demonstrated an improved reflective capability after their interaction with the patient. When asked what could be done differently in the future, a participant responded, "I would do more to make the patient comfortable and trusting of me. " Another stated:
I would organize my examination according to the patient instead of having a specific plan. I planned for the patient to be positioned in supine and when he came in his wheelchair, I didn't have a plan anymore. I would have been more flexible according to the patient. In addition, 1 participant indicated, "I would be more hands-on with the patient to let them know I am there for them. " These responses demonstrate "reflection-on-action, " 56 where participants were able to reflect on the experience after the interaction, helping them determine changes they would make in the future when interacting with similar patients.
Data from the CIs indicate students at this level were able to reflect on the situation and make appropriate changes to patient care plans. One CI stated, "she recognized her current experience limits and would seek help when needed, " demonstrating the student's ability to think about her skillset, identify the need for additional help, and take appropriate action.
Outlier Cases
Once again, a small minority of students in the intermediate clinical reasoning stage recognized that they should treat the whole patient and must adapt the physical therapy examination and intervention to meet the patient's needs. For example, 1 participant commented, "I would focus on the large picture instead of each individual piece. " Another reported that he would "listen to the patient to understand his or her perspectives and be aware and sensitive to them. You have to meet the patient where they are. If the patient has certain beliefs, you have to respect those. " These participants are articulating a focus away from their own individual performance as a student therapist and directing their attention to the patient's needs. This was not a common response in semester 6 data.
Entry-Level Clinical Reasoning Process
The following 2 themes emerged from the data collected in semester 8, just prior to graduation: dynamic patient interaction and evidence of integrating situational awareness. In the beginning and intermediate clinical reasoning process groups, participants were moving from a focus on self to incorporating information from the patient into their clinical reasoning. Participants in the entry-level group routinely integrated patient data into their clinical reasoning process and began to apply this information in different situations. Dynamic patient interaction. Dynamic patient interaction was a theme implying that participants were flexible and able to change direction during the patient examination based on verbal or nonverbal responses from the patient. This included active listening and an ability to ask the patient appropriate questions, as well as the ability to anticipate the unknown. In addition, participant use of reflection-in-action, or changing one's behavior in response to patient cues during the encounter, is an important component of this theme. 34, 56 For example, when asked, "How did you modify your plan of care or approach to this patient?" a participant answered, "Half way through the exam, the patient mentioned something about having dizziness. I dove further into this, differentiating between dizziness, light-headedness, and spinning sensation. " Another responded:
Based on the patient case, it seemed like I was going to be focusing on gait and his limitations. However, during the interview it became clear that his left upper extremity was more the concern from his perspective. Therefore, I focused on the shoulder and upper extremity. This statement suggests the participant engaged in "reflection-in-action, " 56 a high-level skill requiring assimilation of information from the patient that changes the participant's course of action during the patient session. When responding to presurvey question #1 (How will personal factors be a part of your planned physical therapy examination and intervention?), a participant stated:
The Data from the CPI suggest students were able to change the plan of care based on the patient's response. One CI reported, "The student recognizes when the plan of care is too simple or too challenging and quickly adapts to meet the needs of the patient within that session. " Here, the CI is identifying the student's ability to demonstrate reflection-inaction 56 as a higher level of reflection. Integrating situational awareness. This theme represents participant ability to recognize and apply contextual information to the patient management process and relate to the "patient's story, " demonstrating narrative thinking. When asked about modifying the plan of care or approach to the patient, 1 respondent answered:
Since have helped me to identify any problem areas in the future and services. In these cases, the participant integrated patient information and modified interventions and preventative strategies around this information.
The CPI data support the theme of emerging evidence of situational awareness. One CI stated that the student "involves patients and considers the family's values and concerns when making clinical decisions. " These results indicate students were able to integrate patient and family values into the decision making process.
Outlier Cases
In contrast to the predominant common themes, some respondents did emphasize their own performance limitations without moving toward a patient focus. For example, when asked how the patient management process was modified based on the interaction with the patient, a respondent stated:
I will review special tests and differential diagnosis information prior to performing an exam. This might make the objective portion flow better and I would feel more confident with the exam techniques after having just reviewed them. This response was similar to data from the beginner level of the clinical reasoning process with an emphasized focus on the needs of the participant versus the patient.
DISCuSSION
The development of students' effective clinical reasoning abilities is a critical objective of physical therapy professional curricula. Unfortunately, the complicated and cognitive nature of the clinical reasoning process presents challenges to both teaching and assessment of this skill. The aim of this study was to explore the longitudinal development of students' clinical reasoning abilities across the curriculum to better understand this reasoning process and ultimately inform teaching and learning. A qualitative approach was used to explore student learning and provide faculty with insights into the development of student reasoning abilities at various points in time. For these students, we found that clinical reasoning development occurs as a gradual progression across time, and that the Dreyfus model of skill acquisition 3, 14, 15 may be a useful framework in categorizing clinical reasoning development. In addition, student reflections, as seen in the themes, demonstrated a developmental progression in gaining insight and depth across time. This reflection may contribute to the advancement of the clinical reasoning process. Figure 2 conceptualizes the developmental progress of clinical reasoning skills of a typical student over time. This figure highlights the gradual nature of this process through step-by-step progression from early performance to professional performance. These steps are supported by the themes identified at each assessment point. Throughout the progression of the curriculum, students tended to move from scripted, procedural, self-focused performance to a more fluid, dynamic, patient-focused performance. Henrick et al found a similar progression over time and a transition from simple and internally focused to complex and externally focused concepts around clinical reasoning in undergraduate physical therapy students in New Zealand. 57 This focus on self and procedural performance is consistent with other evidence from novice learners. 58 Not surprisingly, Babyar and colleagues found that physical therapy students self-rated themselves as more confident in their clinical reasoning skills as they progressed in the education program. 59 In addition, studies done investigating the nov-
Figure 2. Conceptual Framework
ice to expert continuum in physical therapy practice reinforces a developmental progression across time, beginning with a decreased awareness of patient factors and progressing to an increased awareness of context and patient factors. 18, [60] [61] [62] [63] The work of Jensen et al revealed expert practitioners utilized a collaborative clinical reasoning process and facilitated patient empowerment to increase self-efficacy more frequently and effectively than their novice counterparts. 60 Another key finding is the potential application of the Dreyfus model of skill acquisition to the progression of clinical reasoning skills in physical therapy students. This model has been applied in medicine and nursing to describe various benchmarks (novice-master) along the continuum of clinical skill development, as well as key characteristics/traits associated with each level. 16, 17 We found that the compartmentalized thinking of an early learner is similar to what Carraccio and colleagues in medicine describe as a novice learner who uses rules to govern his thinking, must link cause with effect, and is challenged to integrate and synthesize information. 16 This inability to see the "big picture" and put the "pieces of the puzzle" together is illustrated by the respondent who stated, "I pigeonholed the neuromuscular system as the testing of nerves only and did not assess function. " Later on in the program, students were able to demonstrate their ability to understand more about the contextual factors that are important in patient care and were more aware of the situation (situational awareness) as a component of their thought process. The theme of integrating situational awareness, in which participants demonstrated emerging signs of recognizing patterns of clinical presentations through context and the ability to see the "big picture, " highlights concepts of the "competent" level, as described by Carraccio and colleagues. 16 The third key point ( Figure 1 and Table  3 ) is the ability of the students to reflect and the various levels of reflection (reflection-onaction and reflection-in-action) 56 that may contribute to the advancement of clinical reasoning skills. Wainwright and colleagues describe the usefulness of reflection in differentiating the thinking processes of novice versus expert physical therapy clinicians and how reflection helped identify the complexity of this process. 64 The available evidence supports the finding that reflection is an essential component of professional development and the development of clinical reasoning. 19, [65] [66] [67] Data indicated participants progressed along a continuum over time in their clinical reasoning skills. This progression toward professional practice may have been facilitated by participant ability to engage in meaningful reflection and accept responsibility for their own performance, as seen in the "improved reflection on performance" and components of "dynamic patient interaction" themes. 68 Upon reflection, a respondent stated, "I would do more to make the patient comfortable and trusting of me. " In addition to reflection, the frequency and timing of selfreflection distinguished experienced from novice therapists. 64 Wainwright et al found that expert practitioners utilized reflectionin-action, 56 indicating they were able to change their thought process and action during the patient/therapist encounter, while novice practitioners relied on self-reflection that occurred following the patient-therapist interaction. 64 This is consistent with the results of this study, indicating participants in the middle of the curriculum were just beginning to use reflection-on-action 56 while progressing to reflection-in-action 56 toward the end.
Although the majority of participants progressed along the clinical reasoning developmental continuum, some students did not progress as quickly as others and struggled to reach the professional performance standard, as described in the conceptual model. These students seemed to remain focused on their own performance of skills and demonstrated minimal evidence of significant patient awareness. As these students may have started at a lower level of reasoning ability, more time for development and additional exposure to patients with reflection and guided feedback could help enhance their learning. Some students simply became "stuck" at a particular level without the ability to further reflect and learn from the experience. Certain aspects of curricular design, such as a strong focus on skill development or testing for a right answer, could contribute to this problem. Early attention to psychomotor skill development may detract from a student's ability to focus on patient-centered issues. Assessment of student performance in the first 2 to 3 semesters of the program in this study tends to be weighted heavily toward psychomotor skill development rather than clinical reasoning. Students who have difficulty progressing out of this stage may benefit from early learning experiences and assessments that help them consider the larger situational context of a patient's problem as part of their learning experience.
While some students struggled with developing their clinical reasoning skills as the curriculum progressed, others exceeded expectations, as evidenced by the "outlier cases. " These students may have developed excellent reflective capabilities through structured experiences prior to professional education or may have been able to integrate and reflect on patient experiences at a comparatively advanced level throughout the program.
Limitations
The structure of the curriculum may have affected the outcomes. The early part of the curriculum, particularly the CCPE, focuses on procedural outcomes. Therefore, the students may have reflected accordingly. In addition, simple, straight-forward cases are presented initially in the curriculum followed by more complex cases and concepts. This may have influenced the students' abilities to consider multiple patient factors in the beginning of the curriculum. A complete cohort of participants was not available in semester 8 due to the structure of the curriculum, as the CCPE is not a required component immediately prior to graduation. However, although the number of participants was less than previous semesters, the authors deliberately recruited participants with a range of academic abilities to provide a comparable sample.
CONCLuSION
Clinical reasoning is an essential skill for the preparation of competent, effective physical therapists. Currently, we know little about the development of this reasoning process in physical therapy students. Although we discuss how important the clinical reasoning process is in academic, clinical education, and clinical residency programs, we lack the tools to be able to identify and assess clinical reasoning skills. If the expectation is that student clinical reasoning skills will evolve and develop throughout the curriculum, learning experiences that target the development of critical self-reflection about student thinking or metacognitive skills should be intentionally integrated in didactic and clinical components of the educational program. In professional education, a learning environment exists that is often too focused on certainty or student formulation of the "right answer" versus engaging the student in serious critical analysis of his or her own thinking and learning process focused on her understanding of the uncertainty of the situation. Standards and expectations for each level of development of a student clinical reasoning process would be helpful in not only providing benchmarks for current expectations, but would place student performance explicitly within a continuum of competence. The results of this study provide insight into student learning at various stages of the curriculum. This information can guide pedagogical and assessment strategies to better facilitate clinical reasoning in physical ther-apy education programs. Further research is needed to determine the best tools to assess clinical reasoning skills in physical therapy students, as well as strategies to facilitate the learning process in the didactic and clinical portions of the curriculum.
Presurvey
1)
Thinking about your upcoming clinical competence performance examination (practical exam) with the selected patient case, how will personal factors including patient beliefs, perspectives, culture, attitude, socioeconomic status, and education be a part of your planned physical therapy examination and intervention?
2) Describe your thought process and initial impressions about the selected case you've been given for the clinical competence performance examination. What do you think the patient's priorities from the physical therapist's perspective could be that you would want to address?
3) What are the key physical therapy examination components (process of obtaining a history, performing a systems review, and selecting and administering tests and measures to gather data about the patient) that you want to perform? Provide specific details/examples for the exam categories of patient history, systems review, and test and measures and justify why you chose these components. 2) Based upon your interaction with the patient during the physical therapy examination and intervention piece of the clinical competence performance examination, how did you modify your plan of care or approach to this patient? Your answer may include personal factors such as patient beliefs, perspectives, culture, socioeconomic status, or education.
3)
a. List 2 tests and measures you choose to use with your patient.
b. Justify your rationale for performing these tests and measures c. What information did you use to develop your physical therapy diagnosis or plan of care?
